Introduction
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Chromium is the 21 st most abundant element in earth crust. It is generally found as trivalent and 39 hexavalent chromium in natural environments. Trivalent chromium occurs naturally in many vegetables, 40 fruits, meat, grains and is often added to vitamins as a dietary supplement, whereas hexavalent chromium, 41 most often generated in the environment by industrial processes and mining of chromium ores [1] . In
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Preparation of stock metal solutions. Stock metal solutions were prepared by dissolving appropriate 74 amounts of K 2 Cr 2 O 7 (Analytical grade) in distilled water to obtain the standard solutions of 1000 mg/L of 75 Cr(VI) ions. The desired metal solutions were prepared by the dilution of the stock standard solution.
76
Collection and preparation of biosorbent. Eupatorium adenophorum Sprengel species were harvested 77 from Beshishahar Municipality-9, Gandaki Province, Nepal. It is locally known as Banmara, since it is a 78 forest killer and widely spreading as weed in Nepal. Eupatorium adenophorum Sprengel stems were first 79 cut into small pieces, dried in sunlight until all the moisture was evaporated and then converted into 80 powdered form. After being powdered, it was treated with 1 M HCl in order to remove the impurities. It 81 was then washed with distilled water as long as the pH of the washing solution becomes in neutral range.
82
After washing, moisture content of biomass was determined by drying a pre-weighted amount in an oven 83 at 100 o C for 24 h.
84
Immobilization of biosorbent. Calcium alginate was used as an immobilizing agent for Eupatorium 85 adenophorum Sprengel stems powder. Two percentage of sodium alginate was first dissolved in distilled 86 water and it was mixed with calculated amount of dried Eupatorium adenophorum Sprengel powder.
87
Eupatorium adenophorum-alginate mixture was then dropped by a syringe into the 5% CaCl 2 solution 88 placed on magnetic stirrer held around 5-8 ºC. The beads were hardened in this solution for 24 h in 89 refrigerator at 4 o C [3] . The beads were washed with distilled water for several times to remove excess of 90 calcium ions and untrapped Eupatorium adenophorum Sprengel biomass particles. Thus obtained beads 91 were then air dried. It was found that 1.0 g of alginated beads contain 0.052 g of dry biomass. The values were used in the data analysis. The Cr(VI) concentration was determined at 540 nm followed by 103 complex formation with 1,5-diphenylcarbazide using a spectrophotometer [12] . 
Where Q e is the amount of Cr(VI) sorbed by the biomass (mg/g) at equilibrium, C o is the initial 122 concentration of Cr(VI) (mg/L), C e is the concentration of Cr(VI) at equilibrium (mg/L), V is the initial 123 volume of Cr(VI) solution (L), and W is the mass of the sorbent (g).
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Langmuir-Hinshelwood (L-H) kinetic model. 
Where k o is the reaction rate constant of L-H model (L/mol), k 1 is reaction rate constant (min -1 ),
129
and C M is metal concentration in solution (mol/L). The plot between [ln(C o /C M )]/(C o -C M ) and t/(Co-C M )
130
gives a straight line, where the slope is k 1 (min -1 ) and the intercept is k o (L/mol) respectively. k o is similar 131 to a zero order rate constant that represents the initial sorption rate and k 1 is first order rate constant after 132 sorption reaches its maximum. 
Where α is an adsorption fraction (Q t /Q e ) at time t, k av is the Avrami kinetic constant (min -1 ) and n 138 is a fractionary reaction order. The values of n and k av can be determined from slope and intercept of a 
Where k 1 is the first-order rate constant (min -1 ) respectively. 148
Furthermore, equation (6) can be written as:
The plot of t/Qt versus t gives a straight line, whose slope and intercept gives k 2 or h, and Q e 152 respectively.
153
Ritchie pseudo second-order kinetic model. 
Where θ = Q t /Q e , is the fraction of surface sites that are occupied by an adsorbed solute particles.
164
The second order rate constant k 2 (min -1 ) can be evaluated from the plot of θ /(1-θ) versus time t.
165
Blanachard pseudo-second order kinetic model. Blanachard 
The rate constant, k 2 (g/mg.min) can be obtained from the slope of a plot between 1/(Q e -Q t ) 
Where α is the initial sorption rate constant (mg/g·min), and β is related to the extent of surface 
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(12)
Where k id is the initial rate of the intraparticle diffusion (mg/g min 0.5 ) and C is the intercept of the Where Q max is the maximum uptake capacity corresponding to site saturation (mg/g) and b is 189 the biomass metal binding affinity (L/mg). The adsorption feasibility can be evaluated by the
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Langmuir isotherm separation factor (R L ). It is calculated using equation (14);
(14)
)
The value of K L indicates the type of the isotherm to be unfavourable (K L > 1), linear (K L = 1), 
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(16)
Where, K f and n are the constants describing sorption capacity and intensity respectively. 
Where α and β are the parameters of this model. The value of β and α can be evaluated from the 211 slope and intercept of a plot between ln (C e /C o ) and 1/Co. 216
Where T is the absolute temperature (K) and R is the universal gas constant (kJ/mol). The . This model can be written in the following linear form;
Where;
Where Q e is the amount of metal ions sorbed by biosorbent (mol/g) and C e in the concentration in 228 equilibrium (mol/L). The constant (β), adsorption energy (kJ 2 /mol 2 ) and Q m , maximum adsorption 229 capacity (mol/g) can be obtained from slope and intercept of the plot of lnQ e against ε 2 . The mean 230 sorption energy (kJ/mol) can be written as:
If the magnitude of E is in the range of 8 and 16 kJ/mol, sorption process is supposed to be 233 chemisorption, whereas if it is E ≤ 8 kJ/mol, physisorption is the predominant mechanism.
234
Flory-Huggins isotherm model. The Flory-Huggins isotherm describes the degree of surface coverage 235 characteristics of adsorbate onto adsorbent and also expresses the feasibility and spontaneous nature of an
Where, K FH is the Flory-Huggins model equilibrium constant (L/mg) and n FH the Flory-Huggins 239 model exponent. The Gibbs free energy (ΔG°) can be calculated from the following equation;
The value of ΔG° may reflect, whether the biosorption process proceeds with exothermic or 242 endothermic reaction.
243
Hill-der Boer isotherm model. 
The van't Hoff equation can be used to determine the enthalpy (ΔH o ) and entropy change of
ΔH o and ΔS o can be obtained from the slope and intercept of a plot of lnb versus 1/T.
267
Activation energy. The activation energy (E a ) is an energy level that must be achieved over and above 268 the initial energy level of a substance in order for a reaction to occur. The greater the activation energy 269
gives the slower reaction rate. The pseudo-second order rate constant can be expressed in Arrhenius
Where A is the frequency factor (mg/g min). A plot of lnk 2 versus 1/T gives a straight line and the Fig. 1.  Fig 1. Quality control and 
number of samples 289
The precision is expressed by relative standard deviation and variance methods. Relative standard 290 deviation is a statistical measurement that describes the spread of data with respect to the mean and the 291 result is expressed as a percentage. RSD and variance are routinely used to assess the variation of sets of 292 data in analytical chemistry. The accuracy is determined in terms of recovery percentage. The precision 293 and accuracy results are presented in Table 1 .
294 given in Table 2 .
354 
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The biosorption process is also studied using the Weber and Morris intraparticle diffusion model.
382
The hence increase in chance of internal mass transfer. The plots of Q t versus t 0.5 at different temperatures are 390 given in Fig. 6 , indicated the invalidation of this model. As it can be seen from these figures, intraparticle 391 diffusion is not the sole rate-controlling step for the whole sorption process, since the plots do not pass 392 through the origin. However, multilinearity indicates that Cr(VI) biosorption may take place in multiple on Eupatorium adenophorum-alginate beads seems to be governed by a two steps mechanism.
397 Biosorption isotherms. Adsorption isotherm explains the interaction between sorbate and sorbent and is 398 critical for design of sorption process. The parameters and correlation coefficients of various isotherm 399 models are listed in Table 3 .
400 in the range of 0 to 1, indicated that Cr(VI)) biosorption process is favourable for bioorption of Cr(VI).
409
The present alginated Eupatorium adenophorum Sprengel biomass has been compared with different 410 plant biosorbents reported in the literature as shown in Ni +2 , possibly due to their inability to chelate the surface binding sites. On the other hand, Cr(VI) sorption 487 efficiency is slightly decreased with increase in concentration of SO 4 --, Cl -, and CO 3ions respectively. It 488 is due to the competition of negative ions in the same binding on the biomass surface. It was also found 489 that sorption efficiency of Cr(VI) increases with increasing the concentration of Fe +3 ions. This may be 490 attributed to the interactions between positively charged >FeOH 2 + groups of biomass surface and HCrO 4 -491 ions [40] . In another series of competitive experiments, a multi-ions system of 10 components was used 492 in order to investigate their effect on primary target Cr(VI) ions. The removal efficiency was estimated at 493 28.72, 15.75 and 6.98% for Cr(VI) in the presence of 5, 10 and 25 mg/L of each ion used, suggesting their 494 antagonistic action for the same binding sites on the biomass surface.
495 Table 6 . Effect of interfering ions on Cr(VI) biosorption at initial concentration of 10 mg/L at 
505
Calcium alginate entrapped Eupatorium adenophorum Sprengel stems powder biomass showed 506 the high removal efficiency for removal of Cr(VI) species from aqueous solutions. It was found that 507 sorption process was affected by the solution pH, biomass concentration, contact time, and initial Cr(VI) 508 concentrations respectively. The results showed that the biosorption of Cr(VI) by Eupatorium 509 adenophorum Sprengel-alginate beads followed the Langmuir isotherm model. The pseudo-second-order 510 kinetics was found to explain the kinetics of biosorption more effectively based on the agreement of 511 calculated and experimental uptake capacities along with high correlation coefficient values. Intraparticle 512 diffusion model indicated that Cr(VI) biosorption may take place in two steps. It was also found that biosorption. It can be concluded that Eupatorium adenophorum Sprengel-alginate beads can be proposed 516 as an excellent biosorbent with potentially important applications in removal of heavy metals from 517 contaminated sites.
